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BIOL 160


Heterotrophic Nutrition

Background


Organisms vary in their ability to use different energy-yielding compounds, to convert the foodstuffs they eat into compounds they can use, and to synthesize their specific dietary requirements.  However, despite large differences in the material that organisms require in their diet, they must possess the enzymatic machinery to break apart the complex polymers of the food they eat into simple monomers that can then be moved across membranes and incorporated into the cytoplasm of cells.  In addition, the breakdown of complex foodstuffs is required to allow the organism to use the resulting monomers to create the specific components it needs to build membranes, organelles, or other structures.  Thus, enzymes are an important component of the cellular machinery of organisms.


The breakdown of complex molecules described above is the process of digestion, and it involves the enzymatic hydrolysis (hydro – water; lysis – break apart) of complex polymers into their component monomers.  For example, proteins are composed of chains of amino acids.  By adding water, the peptide bonds between amino acids can be broken, thus freeing the monomers that can then be used by the organism to build other necessary proteins.  Similarly, the bonds joining fatty acids and glycerol into lipids can be broken by the addition of a water molecule.  


The chemical reactions described above do occur spontaneously.  However, without the action of enzymes, the rates of these reactions are very slow.  Thus, organisms utilize enzymes to speed up the process of digestion.  Enzymes are very specific and usually only take part in one type of reaction.  According to the lock and key hypothesis of enzyme action, the specificity of enzymes is due to a close physical coupling between the substrate and the enzyme molecule.  Thus, enzymes must maintain their precise three-dimensional configuration so that they are able to take part in their specific reaction.  Temperature, pH, and ionic concentration play roles in maintaining the three dimensional shape of a protein, and all of these features must be optimal to allow maximal enzyme activity.   


Organisms have maximized the activity of their enzymes by compartmentalizing their digestive systems, which allows for optimal conditions to be maintained for different enzymes in different areas of their digestive systems.  For example, many of the enzymes involved in the digestion of proteins work well at acidic pH.  Thus, acid is dumped into the stomach to maximize the function of these enzymes.  The pH is then increased in the small intestine, by the addition of bases, so that the conditions are optimal for the enzymes that function in this area of the gut.  


In the series of experiments that follow, you will demonstrate that amylase and protease speed up the hydrolysis of complex carbohydrates and proteins respectively.  You will also determine whether or not these enzymes appear to be compartmentalized within the various regions of the gut of an insect.  To accomplish these goals, you will be using simple enzymatic assays that are based on the principle that the rate of diffusion of a solute, in this case an enzyme, is dependent on its concentration.  

 You will introduce your enzyme extracts into an agar gel (pH and ionic conditions will be adjusted such that they are maximized for the enzymes) that contains 

either casein (a milk protein) to examine protease activity, or a soluble starch to examine amylase activity, by making tiny wells in the gel that you will then fill with your extracts.  If proteolytic enzymes are present, they will hydrolyze the peptide bonds of the casein, converting the protein into amino acids.  This breakdown of protein will produce a visible change in the gel, because casein is opaque white and the amino acids are clear.  Similarly, if amylase is present in the extract, the enzyme will convert the starch in the gel into simple sugars, which will lead to a visible change in the gel.  Thus, if the gel clears in a ring around the well, that well contains proteases or amylases.  Returning back to the principle stated above, the higher the concentration of proteases or amylases, the faster the enzymes will diffuse out from the well and the larger the clear ring becomes.  Therefore, it is possible with this assay to determine protease and amylase activity both qualitatively (it is or is not present) and quantitatively (how much activity is present).  

However, the relationship between ring size and enzyme concentration is not linear (Fig. 1).  The linear relationship is between ring diameter and the logarithm of the concentration of the enzyme (Fig. 2).  Note that a tenfold increase in the concentration of trypsin results in a very much smaller increase in ring diameter.  You will want to think about this relationship when you are interpreting the results of your experiment.
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Figure 1. Ring diameter as a function of trypsin concentration.  Note that the

relationship between diameter and concentration is nonlinear.
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Figure 2. Ring diameter as a function of the log of trypsin concentration.  Note

that the relationship between diameter and enzyme concentration becomes linear

when ring diameter is plotted against the log of trypsin concentration.

Objectives of this laboratory

1) To learn the digestive action of amylase and protease.

2) Learn the basic chemistry of the assays used in determining the activity of these digestive enzymes.

3) Examine the relative activity of protease and amylase in the fore, mid, and hindgut of a typical insect and speculate on the function of each region.

4) Draw conclusions about the correlation between gut region and the activity of amylase and protease.

Methods

Preparation of assay plates


The assay plates have been prepared in advance according to the following procedure:


Protease plates – One liter of two percent noble agar in deionized water was

prepared and autoclaved for 15 minutes.  One liter of 0.05 M citrate phosphate

buffer containing 0.005 M NaN3 (as a preservative), 0.002 M CaCl2 (as an ionic activator), and 40 g purified casein (as the substrate) was adjusted to pH 6.8.  The casein solution was added to the hot agar, mixed, and poured into approximately 100 Petri plates.

Amylase plates – The noble agar was prepared as above.  One liter of 0.05 M citrate phosphate buffer containing 0.005 M NaN3 (as a preservative), 0.001 M CaCl2 (as an ionic activator), and 20 g soluble starch (as the substrate) was adjusted to pH 6.8.  The starch solution was added to the hot agar, mixed, and poured into approximately 100 Petri plates.

Preparation of wells


You will be provided with 2 protease plates and 2 amylase plates as described above.  Your task is to produce substrate wells in the agar and an index mark on each plate.  To produce the wells and index mark, you will be given a template to use.  You will then place each plate on top of the template and core out the gel with a plastic tube.  Your instructor will demonstrate this technique.  


You should be certain that all the wells are of uniform size and that the gel around the wells remains undisturbed – i.e. take your time making the wells!  You should also check that the index mark is included, because you won’t be able to identify the individual wells without it.

Preparation of enzyme extract


The organism that we will be using in this experiment is the common cockroach, Periplinata americanas.  Each lab bench is provided with an insect cage with four to five hungry animals.  In order to insure that the roaches are producing the digestive enzymes, they should be fed a very small quantity of the roach chow provided.  After feeding the roaches, cover the cage and wait 15 minutes while they eat.


DO NOT open the cage!  These animals can run very quickly and easily disappear into the crevices of the laboratory.  In addition, do not overfeed the roaches.  The dissection will become tricky if you produce a group of bulge-bellied organisms.


The next step is to anesthetize the entire cage of roaches with CO2.  The technique will be demonstrated by your instructor.  When all of the animals are completely unconscious, each lab team can then obtain a roach.  Then, place your experimental organism in a plastic weighboat and prepare your dissection equipment.  Since this organism is fairly small, you may want to complete your dissection using a dissection microscope.


To prepare the roach for dissection, remove all of its legs as close to the body of the organism as possible.  Your experimental organism may wake up during your dissection, so the removal of its legs will prevent it from running away.  Then, there are two methods available for dissecting out the gut.  The first is to grasp the head of the roach firmly using forceps.  Be careful not to crush the head.  While holding the body firmly with your fingers, pull the head slowly and gently forward.  The head should come off trailing the complete digestive system behind.  The opening at the neck is quite small, and it may be necessary to enlarge it with small scissors to allow the entire digestive system to pass through the opening without ripping.  In either case, it is necessary to pull SLOWLY to obtain a complete unbroken gut.


The second method for obtaining the gut requires a more careful dissection, but is more likely to yield an intact digestive system.  Using a pair of small scissors, make a shallow cut from head to tail on both sides of the roach.  Pin the ventral half to a dissection pan and carefully lift off the dorsal half of the abdomen, exposing the viscera.  Now, if you pull the head up and back, you should be able to free the intact gut from the other viscera.  It is not a disaster if you fail to obtain a complete gut.  You should be able to borrow sufficient material from other teams in your lab group to perform the assay.


Cover the gut with insect Ringer’s solution, and observe it under the dissecting microscope.  Locate the structures of the digestive system with reference to Figure 3.  Lift the gut out of the Ringer’s solution and blot dry with a Kimwipe.  Using forceps, grasp the junction between the mid and hindgut firmly, and cut the hindgut free.  Place the hindgut into a plastic weighboat with 1.0 ml of assay buffer.  DO NOT allow any contamination from the contents of the mid gut.  Move your forceps to a point just anterior to the proventriculus (Fig. 3), and cut the midgut free from the foregut.  Place the midgut into 1.0 ml of assay buffer as above.  Finally, separate the foregut and salivary glands from the head and place them into 1.0 ml of assay buffer as well.  Think about what you are trying to accomplish and use a technique that will conserve the contents of the gut regions while avoiding cross contamination with the contents of other regions.
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Figure 3.  This is a dorsal view of the roach, and it illustrates the general structure

of the digestive system.  You should try to retain the salivary glands and the

proventriculus with the foregut and the gastric ceca with the midgut.  The

Malpighian tubules are part of the excretory system and can be discarded.  


Slit each of the gut sections along their long axis using scissors, and carefully wash their contents into the assay buffer.  If you are having trouble making a longitudinal slit, you might try cutting the gut into short sections with scissors and washing out the contents by repeatedly sucking the gut sections in and out of a pipette.  DO NOT mash the gut.  We are interested in the enzymatic content of the gut, not the cells of which the gut is composed.

The assay


Select one substrate plate of each type for use with the appropriate standard series and one plate of each type for use with your roach enzyme extracts.  Using a plastic pipette, fill a well in each of the substrate plates with each of the enzyme extracts.  If you are to have quantitative results, it is very important to have the same volume in each well.  Wells that are overloaded with enzyme activity will be unreadable.  You need to have a CONTROL, with no enzymatic activity, and a series of standards, with known activity, for each enzyme.  The control can be run in the center well of each plate.  It should consist of assay buffer alone.


Do not overfill the wells or drip enzyme preparation on the surface of the plates.  Also, be careful to label your plate keys so that you can identify the wells at the end of the experiment.  When all the plates are filled, place them carefully in a drawer in the back of the room.  Your instructor will show you which drawers will be used by your class.

Reading the protease plates


The digestive action of protease on the casein plate is visible as clear rings, but the contrast can be improved by treating the plates with acetic acid.  Cover the plates with 3.0% acetic acid and allow them to stand for 10 to 15 minutes.  The acid will stop any further digestion (why?), and the undigested casein will precipitate and increase in opacity.  This change in the opacity of the undigested casein will make it easier to record the extent of the digestive action.  Pour off the acid solution and measure the diameter of each ring of digested protein.  If there is no visible activity, the diameter of the ring is simply the diameter of the well.  If the rings are not perfectly circular, measure several diameters along different axes and take the average.  The easiest way to make these measurements is to turn the plate over and place your scale on the dry plastic of the Petri dish bottom.  Working over the black desktop will also make the rings more obvious.  Make sure that you identify the wells before your measure them.  When you turn the plates upside-down, everything will be reversed.  Be careful.

Reading the amylase plates


The digestive action of amylase on starch will also produce a slight clearing of the cloudy gel, but it is much more difficult to observe than the casein.  The contrast can be enhanced by staining the starch with iodine.  Treat the amylase plates as above, but use Lugal’s iodine diluted 1:10 with 3% acetic acid.  The reaction will be terminated and any residual starch will be stained deep blue, allowing easy determination of the extent of digestion.  Pour off the fixative solution and measure the diameter of each ring of digested starch.  Make sure to use the correct developing solution or all of your data will be lost.  Read the labels carefully.

Analyses


The results of this study will boil down to enzyme concentrations (amylase and protease) for each area of the gut – fore, mid, and hind.  Thus, collect this data from each lab group (2 students) and run an ANOVA to determine if activities in each region of the gut are different. You can also compare the concentrations of each of the enzymes in each region of the gut to determine if there is more amylase or protease activity using an ANOVA.  Each student group and their representative roach count as a replicate. Means  + SE should be plotted on a bar graph in your lab reports.  

References


Laboratory Manual for Principles of Biology. 1992. St. Mary’s College of

Maryland, Division of Natural Science and Mathematics, Department of

Biology – Biology 111.

_978030780.xls
Chart2

		2.5

		5

		10

		20



Ring diameter (mm)

Trypsin concentration (micrograms/ml)

Ring diameter (mm)

5.5

8

11

14



Sheet1

		Trypsin concentration (micrograms/ml)		Ring diameter (mm)				Log Trypsin concentration		Ring diameter (mm)

		2.5		5.5				0.3979400087		5.5

		5		8				0.6989700043		8

		10		11				1		11

		20		14				1.3010299957		14





Sheet1

		



Ring diameter (mm)

Trypsin concentration (micrograms/ml)

Ring diameter (mm)



Sheet2

		



Ring diameter (mm)

Log Trypsin concentration (micrograms/ml)

Ring diameter (mm)



Sheet3

		





		






_978030826.xls
Chart3

		0.3979400087

		0.6989700043

		1

		1.3010299957



Ring diameter (mm)

Log Trypsin concentration (micrograms/ml)

Ring diameter (mm)

5.5

8

11

14



Sheet1

		Trypsin concentration (micrograms/ml)		Ring diameter (mm)				Log Trypsin concentration		Ring diameter (mm)

		2.5		5.5				0.3979400087		5.5

		5		8				0.6989700043		8

		10		11				1		11

		20		14				1.3010299957		14





Sheet1

		



Ring diameter (mm)

Trypsin concentration (micrograms/ml)

Ring diameter (mm)



Sheet2

		



Ring diameter (mm)

Log Trypsin concentration (micrograms/ml)

Ring diameter (mm)



Sheet3

		





		






